Abstract. - Mossbauer spectra of Fe(N03)~ and Fe(C104)3 frozen solutions and Fe(C104)3 crystal hydrates have been studied in zero external field and in various magnetic fields up to 80kG. All these substances show pronounced relaxation effects. The relaxation time in the frozen solutions (1) is found to be field dependent and rather long in high fields ( sz 10-7 s). In crystal hydrates (2) the relaxation times turn out to be field independent and much shorter ( sz 10-9 s). The zero field spectra of the crystal hydrates show neither a pronounced isotropic nor longitudinal relaxation, though the latter model seems somewhat better.
Introduction. -Relaxation properties of high-spin ferric perchlorate water solution contained 3.5 mg/cm3
Fe3+ compounds have been extensively studied by iron enriched to 80 % and had a p H value of zero, too.
Mossbauer effect in the past few years. Because of the At this p H value nearly all of the ions exist in the form strength of the spin-spin relaxation, the Fe3+ ions have Fe3+. 6 H,O [4] . The solutions were frozen by immerto be apart at least about 5 A to cause an observable sion in liquid N,. A longitudinal magnetic field was effect in the spectrum. This can be attained using applied. crystal hydrates rather than water-free compounds. Further dilution is easily established in frozen solutions. Thus a wide range of relaxation times can be covered.
In the absence of external magnetic fields a general description of Mossbauer spectra exists for the limit of fast relaxation [I] . This is not the case for slow relaxation. The above general model involves too many parameters when an external field is applied. Other models, however, as those of Wegener [2] and van der Woude [3] describe the high-field spectra for fast and slow relaxation respectively. For all spectra ( Fig. 1-3 
VELOCITY ( In this work the model was treated numerically in a computer program. To fit the measured spectra just one parameter, namely Q, was varied with varying magnetic field. The transmission scales of the theoretical and experimental spectra were adjusted by multiplying the theory with a scale factor computed in least squares fits. For the line width To the line width of the Mijssbauer source was inserted. The fact that the single line spectra measured at 78 K and 4.2 K have the same line width indicates that the I main source of atomic spin relaxation is not spinlattice interaction but rather spin-spin interaction. Spin-spin interaction should be reduced when the spin i density is lowered. This is reached when glycerol is added to the solutions at constant iron concentration I because it is known that glycerol acts as a glass former [5] which prevents clustering of the magnetic ions. 12 8
So the well-resolved hyperfine spectra we got for the van der Woude seems reasonable. Below 15 kG,
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however, the theory gets continuously worse with lowered field. There the interaction energy of the electron shell of Fe3+ in the crystal field seems to become comparable with the Zeeman energy of the atomic spin. Figure 3 shows the fits of the spectra of the Fe(N03), absorber with 60 % glycerol (solid line). For all magnetic fields the best fits are obtained with Q = 0. Five of the six spectra generated by the six Zeeman levels of the ferric ion can easily be detected in the 20 kG spectrum for example, because for a negative spin the external field is antiparallel to the field at the nucleus while for a positive spin it is parallel to it. The spectra of figures 1 and 2 were also fitted with the model of van der Woude with only one free parameter Q (solid lines). Not surprisingly they are very similar because in both cases the dominating ionic species is Fe3 + .6 H 2 0 .
In every spectrum the outer lines of the spin -4 and spin -3 spectra can be found (line I and 6 and 2 and 5). The magnetic splitting is 580 kG and 348 kG as expected from the spectra of figure 3. Then the Larmor frequencies of the Mossbauer nucleus in the field of the atomic spin -3 and -3 respectively differ by a factor of 3481580. These frequencies have to be related to the relaxation frequency. Thus the spin -3 spectrum should be stronger affected by relaxation than the spin -3 spectrum. This is actually the case in the measured spectra. The lines number 2 and 5 are much broader than the lines number 1 and 6.
In the Fe(ClO,), frozen solution relaxation times should be longer than in the Fe(NO,), frozen solution by a factor of about ten. This is expected from the different iron concentrations assuming a R-3 law of spin-spin interaction (R = average distance between two neighboring iron atoms). In figure 4 the relaxation frequencies 52 extracted from the theoretical fits are plotted against the external magnetic field. The values for the two solutions are of the same order. We conclude that in both solutions clustering of the magnetic iron atoms occurs. Fig. 5 shows a fit of the 80 kG spectrum of Fe (ClO,), with the relaxation time extracted from the 10 kG spectrum. It leads to vanishing lines 2 and 5 and to reduced lines 1 and 6.
The magnetic field dependence of the relaxation time may be explained by an effect discovered by Msrup [6] . In Fe(NO,), .9 H,O hydrate and frozen solutions he found that the ionic levels of the spins S , and S2 of two Mossbauer atoms have a different energy splitting when a magnetic field is applied because of different directions of the electric field gradient at spin 1 and spin 2. Simultaneous transitions of two neighboring spins conserving energy in the spin system then become less probable. Consequently the spin-spin relaxation time is increased. zero quadrupole splitting are Y-shaped, they consist of a rather sharp peak at the centre and two considerably wider peaks at the same position. There exist, however, spectra of different shape. The above description holds only for a longitudinal relaxation [I] . In the case of isotropic relaxation the line shape remains Lorentzian, though the width may increase considerably [I] . Iron ammonium alum NH,Fe(SO,), .12 H 2 0 is a good example of isotropic relaxation [I] .
Fe(C104), .6 H 2 0 and Fe(ClO,), . 9 H 2 0 have rather broad absorption lines which seem to be nearly Lorentzians. To check this point, Mossbauer spectra of both compounds have been recorded at various temperatures between 4.2 and 295 K. The absorber thickness was 10 mg Fe/cm2. The spectra were fit both with a longitudinal and an isotropic relaxation model.
The three Lorentzians of the longitudinal model have
In the isotropic model the relaxation broadening of relaxation broadenings of (y/2) (3 A, -A,)' , the single Lorentzian is (712) (A, -AJ2 and (y/2) (A, + A,), and intensities of 3, 3 and 2, respectively [I] . Here, A, and A, are the (y/2) (15 A: -10 A, A, + 3 A:) [I] .
hyperfine coupling constants of the excited and ground state resp. and y is a phenomenological relaxation The results of these fits are collected in the following constant having a well-defined physical meaning [I] . Here, AMisfit is the difference of the Misfits introduced by Ruby [7] for the fits with the isotropic and longitudinal model, respectively.
As an example, figure 6 shows the two fits of the 220 K spectrum of the hexahydrate. Now, the following conclusions can be drawn :
-the spectra show neither a pronounced isotropic nor a pronounced longitudinal relaxation, though -especially at higher temperatures -the latter model seems to fit somewhat better. Probably, the relaxation is some t( intermediate )) one.
-Both the isomer shifts and the relaxation parameters of the two hydrates coincide within the experimental errors. One may therefore conclude that the environment of the Fe3+ ion is nearly the same in both compounds.
2.2 SPECTRA IN AN APPLIED FIELD. -A model describing Mossbauer spectra in the case of fast relaxation in a high applied field was developed by Wegener in 1965 [2] . The only compounds however, on which this model has been checked, were, to our knowledge NH,Fe(SO,), .12 H,O [8] and some related systems [9] . Since the zero-field-spectra can be more or less understood using a fast relaxation model, one might expect that this holds for the spectra in an applied field too.
The spectra were measured at 4.2 K in applied longitudinal fields up to 50 kG. Some typical spectra are shown on figures 7 and 8. These are very similar indeed to those of NH,Fe(SO,), .12 H,O [8] . Just as in this case the distance AV; of the inner lines of the hexahydrate (corrected for the applied field) is proportional within the experimental error to the relative magnetization MIM,,,,, which is supposed to follow an S = 3 Brillouin function with a saturation field of accordance with the theory [2]. The same behaviour holds for the nonahydrate, too. In Wegener's model the spectra are described by two relaxation times zc and 26, the first being responsible for the line broadenings, the second for the line shifts [2] . Figure 9 shows the observed line widths of the inner and outer lines Ti and r, resp. for the hexahydrate. Above about 15 kG, the data can be well fitted to Wegener's model, with the assumption that the residual line widths for the inner and outer lines are unequal (ry = 0.37 mm/s, T r = 0.47 mm/s). This fact might be due to the finite absorber thickness (about 10 mg Fe/cm2) and to some inhomogeneities of the sample. The best fit in this region yields zc = 2.43 x s. Analogous evaluation for the nonahydrate yields T;" = 0.41 mm/s, T r = 0.54 mm/s, zc = 2.48 x s. Below about 15 kG the assumptions of the model are not fulfilled : in this region the zero field Kramers splitting may already play an important role, since the applied field direction is no longer the quantization axis. 
